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Recently, studies on the reaction of D-amino acid oxidase with /?-chloro-D-alanine have demonstrated that /3-chloro-D-alanine was oxidatively deaminated to keto acid and two intermediate states of the enzyme, which were not observed as far as D-alanine was used, were detectedIt has been also shown that the keto acid was chloropyruvate when the reaction is carried out under 100% oxygen, while it was pyruvate under anaerobic conditions 2 . These results indicate that the enzyme catalyses not only the oxidative deamination of substrate but the elimination reaction without oxidation process. The present communication deals with those elimination and oxidation reactions. D-amino acid oxidase was purified by the procedure of KUBO et al. 3 . The enzyme preparations were treated further with hydroxylapatite by the procedure of MASSEY et al. 4 . Benzoate bound to the enzyme preparations 5 was removed by passing the preparations through a Sephadex G-100 column immediately after the addition of a small amount of 1 M DL-alanine to the column. The apoenzyme was purified by the procedure of MIYAKE et al. 6 .
/5-Chloro-D-alanine-HCl and /3-chloro-L-alanine-HCl were kindly supplied by Dr. S. IMAMOTO, Food Research Institute, Osaka. Because of instability of these materials at pH 8.3, a freshly prepared solution was used for each experiment. All other chemiRequests for reprints should be sent to YOSHIHIRO MIYAKE, Department of Biochem. School of Medicine, Osaka University, Osaka, Japan. cals used were analytical grade. Protein was determined by the method of GORNALL et al. 7 or from absorbancy at 280 m/* 4 > 6 . FAD was determined by the method of WHITBY 8 . The enzymatic activity was measured by the use of a Bioxygraph equipped with a Clark type Galvani electrode, Kyusui Kagaku Co., Tokyo. The enzyme reaction was initiated by the addition of substrate to the enzyme solution containing 10//M FAD. The oxygen consumption at the initial 1 min was taken as the velocity of the enzyme reaction. The reaction was carried out at 38 C. A Hitachi two wavelength double beam spectrophotometer model 356 or a Hitachi spectrophotometer model 124 was used for measurements of absorption spectra or changes in absorbancy.
When /?-chloro-L-alanine was added to the apoenzyme solution, absorbancy at 315 m// region gradually increased. The absorption spectrum of the reaction mixture showed a broad band at 315 mit region after incubation for 60 min and at 20 °C.
Such a spectral change was not observed by the incubation of /?-chloro-L-alanine in the absence of the apoenzyme or in the presence of the heat denatured apoenzyme. As the spectral pattern obtained after the incubation for 60 min was similar to that of pyruvate, the apoenzyme reaction was carried out in the presence of lactate dehydrogenase and NADH. The reaction product was also analysed according to the method of FRIEDEMANN and HAUGEN 9 as modified by WADA and SNELL 10 . The addition of /?-chloro-L-alanine to the apoenzvme solution containing lactate dehydrogenase and NADH resulted in the decrease in absorbancy of NADH at 340 mju, and the formation of a hydrazone derivative of keto acid was also detected, indicating that a keto acid, probably pyruvate, was formed as the reaction product. Oxygen consumption was not observed during the apoenzyme reaction. These results showed that the apoenzyme catalyses the deamination of /5-chloro-L-alanine. The apoenzyme was inactive toward /?-chloro-D-alanine as well as L-alanine, D-alanine, L-serine and L-threonine. The Michaelis constant for /?-chloro-Lalanine and the maximum velocity of the apoenzyme reaction were obtained from double reciprocal plots of the reaction velocity versus the concentration of the substrate, and the values of 26 MM for the Michaelis constant and 0.41 /^mole/min per mg protein for the maximum velocity were obtained, respectively.
The rate of the apoenzyme reaction was constant irrespective to the presence or the absence of FAD, indicating that /?-diloro-L-alanine is also catalysed by the holoenzyme. In this case also, the reaction did not accompany oxygen consumption nor oxidation-reduction of the enzyme-bound FAD even in anaerobic conditions. Accordingly, the deamination of /3-chloro-L-alanine by the holoenzyme is similar to that by the apoenzyme. In fact, the rate of the holoenzyme reaction was close that of the apoenzyme, and the values of the Michaelis constant and the maximum velocity were 31 MM and 0.35 /<mole/min per mg protein, respectively.
In the anaerobic reaction of the holoenzyme with /?-chloro-D-alanine, an intermediate spectral species appears in the early stage of the reaction showing a slight decrease in the 455 m{.i absorption maximum of the oxidized enzyme and the appearance of a broad band at around 550 mju. The rate of decay of the spectral species is very slow with complete reduction of the enzyme being attained after reaction for more than 2 hrs 1 . It was found from the present experiments that the slow decay of the intermediate species became biphasic when the concentration of the substrate was limited, namely the presence of a steady state of the intermediate species was observed before the conversion to the fully reduced form. Therefore, the anaerobic reaction of the holoenzyme with /?-chloro-D-alanine involves three phases with respect to the state of the enzyme-bound FAD, the initial rapid formation followed by the steady state of the intermediate and the reduction of the intermediate to the fully reduced enzyme. The rate of keto acid formation decreased as the reaction proceeded and ceased at the beginning of the third phase.
The aerobic reaction of the holoenzyme with /?-chloro-D-alanine was biphasic with respect to oxygen consumption. It was observed that the rate of oxygen consumption decreased remarkably after the initial rapid phase. The biphasic feature was dominated as the concentration of the enzyme increased at a fixed substrate concentration. The suppressed oxygen consumption does not mean that oxygen is exhausted but it is observed even when oxygen in the reaction mixture still remains to some extents. The biphasic oxygen consumption disappeared when the enzyme was treated with 2 MM glutathione before the addition of substrate. This effect of glutathione, however, was not observed when it was added to the enzyme solution after the addition of substrate.
We have shown several types of reactions of D-amino acid oxidase holoenzyme and the apoenzyme with /?-chloro-L-alanine and /?-chloro-D-aIanine. These are summarized in Table I . In these reactions, it is interesting to note that the apoenzyme showed catalytic activity when substrate was properly chosen and it is specific for L-configuration of In dieser Arbeit wird beschrieben, welche Aussagen der Circulardichroismus über die Stereochemie von 4-Nitroimidazolnucleosiden, potentiellen Cytostatica, zu machen vermag.
